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The  object  of  this study is  to  determine  the  effect  on  the  blood
pressure  of  a marked reduction  of renal tissue.  In chronic glomeru-
lonephritis,  the  gradual  rise  of  blood  pressure  which  is  usually  ob-
served  as  the  disease  progresses,  has  been  attributed  by  some  ob-
servers  to  progressive  atrophy  of  renal  tissue (Jawein  (1)).
The problem  has been  attacked  experimentally  by the removal  or
destruction  of a large part of the renal tissue.  Pilcher (2) produced
renal  insufficiency  by  ligating  branches  of  the  renal  arteries  but
obtained  no  cardiac  hypertrophy  even  after  a  year.  Pssler  and
Heinike  (3)  report  a marked  left ventricular  hypertrophy  in seven
dogs  after surgical  reduction  of kidney parenchyma.  A rise in blood
pressure  in  all  seven  is  also  recorded.  The  average  increase  was
21.5  mm.  of  mercury.  The  pressure  was  measured  by means  of  a
cannula in the femoral artery.  These  experiments  have been widely
quoted.  Janeway  (4)  ligated  branches  of  the renal  arteries in  nine
dogs.  Four  of  the  dogs  died.  Three  of  those  which died,  and  two
of  those which survived  showed  a slight  rise of blood pressure.  The
pressure was  taken by means  of a cuff on the foreleg.
Method.
The  animal  used in  these  experiments  was  the rabbit.
Blood Pressure Apparatus.-This instrument  has been  devised  for
making repeated  determinations  of the blood pressure  in the central
artery  of  the  rabbit's  ear.  This  instrument,  which  has  been  pre-
viously described  (5)  does  not injure  or frighten  the rabbit  and any
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desired  number  of  blood  pressure  readings  may  be  made.  Each
recorded  determination  represents  an  average  of  from  five  to  ten
readings.
When conditions  which cause variations of blood pressure,  such as
fright,  temperature, movement,  are  properly  controlled,  the readings
seldom vary over  20 mm. of mercury when taken at intervals  through
many  weeks.  The  pressure  at  any  given  time,  within  the  artery
used,  can be  determined  very accurately,  probably within  2 mm.  of
mercury.  When  ten  consecutive  readings  are  taken  there is seldom
a difference  of over 8 mm. between the highest and the lowest reading.
Operative Procedure.-The operative reduction  of the kidney  tissue
followed  closely  the  technique  described  by  Bradford  (6).  At  the
first  operation  a  wedge-shaped  piece  was  removed  from  the  left
kidney.  At a later date the right kidney was removed.  The average
weight of the right kidney was 8 gm., and of the piece removed  from
the  left kidney,  2.4  gm.  Taking  the  total  weight  of  both kidneys
in each  case  as  twice  that  of the right,  about 65  per cent by weight
(61.4 per  cent  to  66 per cent in individual  cases)  of  the renal tissue
was removed.  In addition  there was  some subsequent  loss of  tissue
at  the  site  of  the  operation  in the  left kidney.  Consequently, -the
percentage  of  tissue  remaining  was  probably  less  than  30  per  cent
in most instances.
In four rabbits, instead  of removing a wedge,  several  infarcts were
produced in the left kidney.  This was  done by cutting  through dif-
ferent  areas with loops of silk thread.  About 40 to 50 per cent of the
kidney  was  considered  infarcted.
Blood Chemistry.-From  time to time 5 cc.  of blood were withdrawn
from  an ear  vein  and  analyzed  for  creatinine  and  urea nitrogen  by
the method of Folin  and Wu  (7).
PROTOCOLS.
1. Feb.  18,  1922.  1.9 gn. of tissue removed  fromleft kidney.  Mar.  4,  right
kidney removed; weight 8.3 gm.  Specific gravity of urine,  14 specimens,  Apr.  22
to 27,  1011  to  1017;  9 specimens,  June  13  to  19,  1014  to 1016.  May  18,  fundi
normal.  Death July 1.  The results of the chemical and pressure determinations
are shown  in Table I.  A  renal insufficiency  was  present  from Mar.  4 to July  1,
but  the  blood  pressure  remained  within  normal  limits.  At  post  mortem  the
kidney  remnant  showed  marked  atrophy  microscopically,  due  apparently  to
pressure  of scar tissue  on  the medullary part  of the tubules.
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2. Apr.  29,  1922.  1.8 gm.  of the left kidney  removed.  June  3, right kidney
removed;  weight  7.9 gm.  A slight albuminuria  was present after the first oper-
ation.  The specific gravity of the urine showed  a range of variation  of 15  points
before  the  removal  of  the  right  kidney,  and in  30  specimens  taken  after  the
operation one of only 3  to 7 points.  There was a little retention of urea nitrogen
and creatinine,  but only a  few  observations were  made  (Table II).  The  blood
pressure  was  not  affected.  The  fundi  were  negative  on  May  18  and Aug.  9.
TABLE  I.
Creatinine
per  100 cc.
mg.
1.34
1.6
2.0
3.3
3.7
3.35
3.6
Urea N
per 100 cc.
mg.
44.8
65.0
33.6
60.0
157.0
Blood
pressure.
1st  oper-
ation.
2nd  oper-
ation.
Day of
experi-
meat.
1
5
7
43
63
70  69
74  109
126
147
86  211
85
77
85
92
75
TABLE  II.
Creatinine
per  100 cc.
mg.
2.2
2.3
Urea N
per 100 cc.
mg.
27.0
29.0
Blood
pressure.
95
83
1st  oper-
ation.
2nd  oper-
ation.
90
Death.
I  Death.
Death Nov. 18.  The kidney remnant showed a calculus in the pelvis and marked
atrophy of the parenchyma.  The anatomic evidence  indicated death from  renal
insufficiency.
3.  Jan.  13,  1923.  Left kidney  removed.  Feb.  17, about  40 per cent of right
kidney infarcted.  Delivered  of young Apr.  20.  Death Apr.  23.  There  was a
little increase  of creatinine  and urea nitrogen  (Table  III).  The  blood  pressure
was not notably affected.  The kidney remnant was very large, weighing  11.9 gm.
The  portions  not  included  in  the  infarcts  showed  moderate  atrophy  micro-
scopically.
Day of
experi-
ment.
.i
1
12
14
28
36
44
46
58
63
68
72
79
81
88
96
108
109
128
131
133
- z  -E - ￿ I￿
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4.  Mar.  22,  1922.  2  gm.  of left  kidney  removed.  Apr.  8,  right kidney  re-
moved;  weight  7.3  gin.  The duration  of this  experiment  was  about 16  months.
The animal escaped on July 7,  1923,  and consequently the final condition  of the
remnant  is  unknown.  There  was  a  definite  retention  of  creatinine  and  urea
TABLE  III.
Day of
experi-
ment.
1
34
158
179
184
193
214
219
245
251
258
Creatinine
per  100 cc.
mg.
2.0
2.1
2.4
Urea N
per 100  cc.
mg.
20.1
26.1
27.1
Blood
pressure.
75
84
1st  oper-
ation.
76
2nd  oper-
ation.
90
87
Death.
Day of
experi-
ment.
1
4
8
21
30
35
40
44
51
53
60
68
109
125
161
181
208
245
247
270
280
304
307
391
398
399
415
437
444
TABLE  IV.
Creatinine
per 100 cc.
mg.
1.0
2.4
2.6
2.6
1.8
2.1
1.8
2.7
2.0
3.2
3.0
Urea N
per  100  cc.
mag.
17.0
22.4
17.3
31.3
21.0
28.0
20.0
43.9
35.0
Blood
pressure.
1st  oper-
ation.
72
2nd  oper-
ation.
87
83
78
81
83
87
92
85
98
84
77
74
79
nitrogen during  the first months  (Table IV).  The rabbit was  fed a high protein
diet from Apr.  11  to  15,  1923,  from May  3  to 9, and  from May  24  to 31.  This
presumably  caused  the retention  of metabolites  on  the corresponding  dates.  A
normal  control  rabbit,  fed  the  same  diet,  showed  no retention  of  metabolites.
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The blood pressure  was  a little  high  on a single  occasion  in November  but  was
otherwise  within  normal limits.  The  fundi  were  negative  on  May  18,  Aug.  8,
Dec.  12,  1922,  and on May  7,  1923.  The  range  in specific  gravity was  from 4
to 8 points.
TABLE  V.
Urea N
per 100 cc.
mng.
18.9
9.7
38.0
21.0
67.0
19.0
14.0
28.0
17.5
Blood
pressure.
81
80
80
88
1st  oper-
2ne
Day of
experi-
ment.
7
3
7
13
17
ttion.  28
29
81  34
d  oper-  36
nation.  43
86  120
133
87  149
80  155
156
73
TABLE  VI.
Creatinine
per 100 cc.
sg.
1.6
2.3
2.5
2.0
2.0
Urea N
per  100  cc.
Iag.
11.4
7.0
18.2
26.6
31.2
23.6
Blood
pressure.
57
1st  oper-
ation.
2nd oper-
ation.
88
88
86
70.3
64
74
61
71
68
83
74
76
5.  Jan.  13,  1923.  2.3  gm. of the left  kidney removed.  Mar. 3, right kidney
removed;  weight  8.3  gm.  There  was  a moderate  retention  of  metabolites  fol-
lowing  the second operation  (Table  V).  Apr. 23,  the animal  developed  a severe
pyelonephritis with pus, blood cells, and casts in the urine and a marked retention
in  the  blood.  Later,  when  the  rabbit  recovered,  the findings,  as  regards  urea
Day of
experi-
ment.
1
18
102
104
126
137
157
177
183
206
213
218
236
244
250
257
258
271
273
279
289
309
359
365
399
415
420
Creatinine
per 100 cc.
mg.
1.6
2.1
2.9
2.3
3.3
2.8
1.9
1.7
1.5
￿ ￿ _--- ￿----
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nitrogen  and creatinine in the blood,  became normal and remained  so except for
the rise on June 14,  following high protein feeding.  The blood pressure remained
normal  throughout.  The fundi  were  normal in appearance  on Dec.  12,  May  7,
and Oct.  3.  The rabbit is still alive.
6.  May  5,  1923.  50  per  cent  of  the  left  kidney  infarcted.  May  19,  right
kidney removed;  weight  11.7  gm.  The  specific gravity showed  a range  of vari-
ation  amounting  to  20  points  before  operation  and  one  of only  4  points  after
operation.  There  were  slight rises in  the urea nitrogen  and creatinine,  but the
blood pressure remained  normal (Table VI).
7. May  5,  1923.  50 per cent  of left kidney infarcted.  June  8,  right kidney
removed;  weight  8.2  gm.  Oct.  3,  fundi  normal.  Aug.  30,  slight  retention  of
metabolites.  The blood pressure was normal (Table  VII).
TABLE  VII.  TABLE  VIII.
Creatinine
per 100 cc.
mg.
3.5
1.7
Urea N
per  100 cc.
mng.
10.7
36.0
21.7
Blood  Day of
pressure.  exper- ment.
1st  oper-  1
ation.  2
2nd  oper-  16
ation.  28
87  30
71
46
48
71  53
_a
58
59
Creatinine
per 100 cc.
mg.
1.5
1.5
1.9
1.76
Urea N
per  100 cc.
mg.
14.0
19.6
18.9
30.0
Blood
pressure.
54
1st  oper-
ation.
80
2nd  oper-
ation.
64
83
73
64
8.  Aug.  11,  1923.  50 per  cent  of  the  left  kidney  infarcted.  Sept.  8,  right
kidney  removed; weight 8.3  gm.  Oct.  3,  fundi normal.  Both the blood  metab-
olites and the blood pressure remained  within normal limits  (Table VIII).
9.  Aug.  11,  1923.  50  per cent  of  the  left  kidney infarcted.  Sept.  8,  right
kidney  removed;  weight  7.1  gm.  Oct.  3,  fundi  normal.  Creatinine  and  urea
nitrogen not notably increased and the blood pressure remained normal (Table IX).
10.  Sept.  22,  1923.  2.5  gm.  of  the  left  kidney  removed.  Sept.  29,  right
kidney removed; weight 8.3 gm.  Oct. 3, fundi negative.  The blood metabolites
showed  slightly  increased  values.  The  pressure  apparently  went up  following
operation and remained  above the preoperative  readings  (Table X).
Day of
experi-
ment.
1
4
34
40
90
117
130
151
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11.  Sept.  22,  1923.  2.3  gmin.  of  the  left  kidney  removed.  Sept.  29,  right
kidney removed;  weight 8.3  gm.  Oct. 3,  fundi negative.  The blood metabolites
underwent  no  significant  rise  excepting one  of  2.4  mg.  of creatinine  on  Oct.  3.
The blood  pressure apparently  fell  (Table XI).
TABLE  IX.
Day of  Creatinine  Urea N  Blood
ment,  per  100 cc.  per  100 cc.  pressure.
mg.  mg.
1  73
2  1st  oper-
ation.
15  71
28  1.4  9.1
30  2nd  oper-
ation.
48  1.7  27.3
50  88
55  1.7  19.6  87
56  84
61  1.9  26.0
TABLE  X.
Day of
experi-
ment.
1
2
6
8
9
14
15
19
20
48
50
Creatinine
per 100 cc.
mg.
1.5
2.5
2.0
2.0
Urea N
per  100 cc.
mg.
17.5
28.7
17.6
35.7
Blood
pressure.
90
1st  oper-
ation.
88
2nd  oper-
ation.
97
96
107
98
TABLE  XI.
Day of experiment.  Creatinine  per  100 cc.  Urea N per 100 cc.  Blood pressure.
mg.  mig.
1  87
2  1st operation.
6  1.5  11.9
8  84
9  2nd operation.
14  2.4  21.0  73
15  68
20  2.1  21.4  69
48  82
50  2.0  33.6
DISCUSSION.
The  amount  of kidney parenchyma  removed or destroyed in these
experiments  was  roughly  70  per  cent.  Two  rabbits  died  of  renal
insufficiency  (No.  1 from  extension  of  scar  and  No.  2  from obstruc-
-
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tion  caused  by  a calculus).  No.  3 had  moderate  renal insufficiency
and  showed  moderate  atrophy  of  the  tubules  at  autopsy  but may
have  died  from  a  complicating  condition  following  the  delivery  of
young,  rather  than  from  the  failure  of  renal  function.  In  Nos.  4
to  11  (all  still living)  the  renal  function  is  apparently  improving.
This is presumably  due to  hypertrophy of  the kidney remnant, which
is known to  occur.
In normal rabbits on ordinary diet, creatinine  was found to average
1.6  mg.  and  urea  nitrogen  19  mg.  The  high  normal  figures  were
2.1  mg. and  about  25  mg.,  respectively.  Accepting  these  figures  as
normal,  a definite  retention  of  metabolites  was present in  all  except
Nos.  8,  9,  and  11.
This  retention  occurred  soon  after  the  second  operation  but was
followed  later,  except in  the first  three which died,  by indications  of
improvement  of  renal function.  The high creatinine  and urea nitro-
gen during the latter part of  Experiment  4  were brought  about  pre-
sumably  by high  protein  feeding  in  the presence  of  a  very limited
renal  function.  The normal  control  showed  no such  rise  from high
protein feeding.
The  average normal systolic  blood pressure in the central artery  of
the rabbit's ear is about  78 mm. of mercury  (600 readings on twenty-
five  normal  rabbits).  The usual limits are  75  to 88.  The pressure
is high when the animal is frightened and low when the ear is cold  (5).
Such conditions  must be  avoided.  The  tables  show that the  varia-
tions in the blood pressure in the experimental animals are practically
all within  normal  limits  except in the  case  of  No.  10.  The  average
pressure  in  the  series  before  any  operation  was  78.2  mm.  and  after
the second operation  the  average  was  80.1  mm.  These  experiments
indicate,  therefore,  that  a marked  reduction  of  kidney  substance  in
the rabbit  does  not result in hypertension.  By inference  then,  the
atrophy of  renal  tissue in chronic glomerulonephritis  is not the cause
of  the accompanying  hypertension.
SUMMARY.
The  removal  or  destruction  of  about  70  per  cent  of  the  kidney
tissue in rabbits  does not produce  hypertension even when prolonged
renal  insufficiency  results.
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